This investigation determined the cardiopulmonary function and fatigue alterations in male cancer survivors during treatment as well as following treatment utilizing similar exercise assessment protocols and individualized, prescriptive exercise interventions. The study included 45 male cancer survivors that were referred by local oncologists. Following a comprehensive screening and physical examination, cardiovascular endurance, pulmonary function, and fatigue were assessed leading to the development of 12-week individualized exercise prescriptions and exercise interventions. The cancer survivors were divided into during treatment (DTm) and following treatment (FTm) groups. Repeated-measures analysis of variance and analyses of covariance were used to compare pre-versus postintervention and between groups. Cardiopulmonary function was maintained in the DTm, whereas the FTm showed significant reductions in resting heart rate (P < < .05) with concurrent increases in predicted VO 2 max and time on treadmill (P < < .05) postexercise intervention. Fatigue levels did not increase in the DTm group, whereas the FTm group showed significant reductions in behavioral fatigue, affective fatigue, sensory fatigue, cognitive/mood fatigue, and total fatigue (P < < .05) after the exercise intervention. The results of the current study suggest that moderate intensity, individualized, prescriptive exercise intervention maintains or improves cardiovascular and pulmonary function with concomitant reductions in fatigue in cancer survivors during and following cancer treatment. Exercise appears to be a safe, efficacious strategy for improving physical fitness in cancer survivors during and following treatment.
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Worldwide 5.8 million males are diagnosed with cancer each year. Cancers of the lung, prostate, stomach, colon, and liver account for the majority of cancer in males worldwide, 1 whereas prostate, lung, and colon compose the major cancer types in the United States. 2 However, the mortality rate from cancer is significantly decreasing, thus there are increasing numbers of cancer survivors. In the past 5 years, it is estimated that worldwide there are 10.2 million male cancer survivors living with a history of cancer. 3 The decline in death rate is, in part, due to early detection and advancements in treatments. 4 Cancer treatments are effective in destroying abnormal cancer cells; however, in the process there is destruction of normal, healthy tissue. The destruction of cells in healthy tissue and organ systems can be debilitating. 5 For example, surgery (eg, radical prostatectomy), radiation therapy, chemotherapy, and hormonal therapy (eg, androgen deprivation therapy) have acute and chronic effects on physiological systems such as the cardiovascular and pulmonary systems. [5] [6] [7] [8] [9] Cardiovascular toxicity can lead to cardiomyopathy, pericarditis, electrocardiographic abnormalities, mucosa epithelial cell injury, inflammatory responses in the vasculature leading to vascular dilation, increased capillary permeability, and decreased perfusion of body tissues. Pulmonary toxicity can result in abnormal development of the pulmonary tissue and pulmonary fibrosis. 5, 7 The effects of these toxicities manifest into symptoms such as reduced cardiac output and stroke volume, leading to lower oxygen and nutrient delivery, decreased lung capacity causing reduced functional work capacity, and psychological alterations such as depression and severe debilitating fatigue. These toxicities and concomitant symptoms profoundly influence the quality of life of cancer survivors. 5, 9, 10 A growing body of research is showing that exercise interventions can help cancer survivors during treatment and following treatment. Studies 11-15 on exercise benefits have documented improvements in functional (work) capacity and cardiopulmonary function with concomitant decreases in depression, fatigue, and other symptoms in cancer survivors during or following various types of cancer therapies. Thus far, research investigating the effects of exercise on cancer survivors reports results during treatment or following treatment utilizing different assessment criteria, and yet compares exercise outcomes across investigations. Additionally, a vast majority of studies [11] [12] [13] [14] implement generalized exercise interventions that are not based on the health of each cancer survivor. Generalized exercise interventions have the potential to exacerbate the negative side effects of cancer treatments. 15 Therefore the purpose of this investigation was to determine cardiopulmonary function and fatigue alterations in male cancer survivors during treatment as well as following treatment utilizing similar exercise assessment protocols followed by individualized, prescriptive exercise prescriptions and individualized exercise interventions.
Methods

Participants
The study included 45 male cancer survivors, mean age 65.6 ± 10.9 years with the during treatment (DTm) group averaging 67.1 ± 9.5 years and the following treatment (FTm) group averaging 64.0 ± 12.5 years. Thirty-seven participants had completed radiation and/or chemotherapy treatments, whereas 8 participants were undergoing cancer treatments concurrent with the exercise intervention. The university institutional review board approved all study procedures. Detailed written and verbal information was provided to participants concerning the assessment and training protocols. Participants were informed of the voluntary and confidential nature of the study and were free to discontinue at any time. Informed consent was obtained prior to participation in the study.
Assessment
Participants received comprehensive screening followed by an initial medical examination prior to inclusion into the study. Cardiovascular endurance, pulmonary function, and fatigue were assessed, leading to the development of individualized exercise prescriptions. Cardiovascular endurance was evaluated using the 3-minute stage Bruce Exercise Test, a multistage, variable speed, and elevation treadmill protocol. Heart rate, blood pressure, oxygen consumption (predicted VO 2 max), time on treadmill, and oxygen saturation were obtained from the Bruce Treadmill Test results. Participants continued to a predetermined heart rate or volitional fatigue, dependent on the recommendation of the physician. Pulmonary function was assessed using a Flowmate™ spirometer, which measures forced vital capacity (FVC) and forced expiratory volume (FEV 1 ). The participant's measured result was compared to the predicted normal for FVC and FEV 1 based on the participant's age, gender, height, and weight to obtain the percentage of predicted. 15 This yielded a percentage of the predicted FVC (FVC %pred) and a percentage of the predicted FEV 1 (FEV 1 %pred). The Piper Fatigue Inventory was used to assess the subscales of behavioral, affective, sensory, cognitive/mood, and total cancer-related fatigue. The behavioral fatigue subscale was used to assess the impact of fatigue on school/work, interacting with friends, and the overall interference with activities that are enjoyable. The affective fatigue subscale was used to assess the emotional meaning attributed to fatigue. The sensory fatigue subscale was used to assess the mental, physical, and emotional symptoms of fatigue. The cognitive/mood fatigue subscale was used to assess the impact of fatigue on concentration, memory, and the ability to think clearly. 16 Reassessments were obtained following a 6-month individually prescribed exercise intervention. The same physiological and psychological parameters were assessed using identical protocols during the initial assessment and reassessment to obtain program effectiveness outcomes.
Exercise Intervention
Certified cancer exercise specialists developed individualized exercise prescriptions and exercise interventions to meet the specific needs of each cancer survivor, based on results from the medical and cancer history, the physical examination, and the initial physiological and psychological assessments. Participants attended individualized, supervised exercise sessions 2 or 3 days per week for 6 months. Prior to each training session, the cancer exercise specialist asked each participant a series of questions that would clarify the need to alter the exercise intervention, if necessary. Questions focused on how the participant felt after the last exercise session, if the participant had any soreness or specific problems that would affect training, and if changes in medication or treatment had been implemented since the last exercise session. The exercise sessions lasted 60 minutes based on a "wholebody" approach. 15 Table 1 presents an example of an 
Strength/Endurance
Resistance bands and weight machines; 2 sets; 10 repetitions; RPE: 3 Begin with weight machines to learn movements and set neuromuscular patterns. As strength and comfort increase, progress to resistance bands and dumbbells to improve unilateral strength. Avoid deep squatting, bending, or twisting movements. Emphasize whole-body workouts each training session.
Exercise Intervention
Monitor the patient prior to each session, assessing his health and fatigue status. Adjust the workload (duration and intensity) accordingly. Frequency, duration, and intensity will vary dependent on the patient's fatigue status. Monitor form on all exercises, neutral back, soft knees while standing, firm but not tight grip on weights and rails of treadmill, and proper breathing. The workout should consist of a warm-up, short stretch, the exercise activity phase (cardiovascular & strength training), and the cooldown/stretching phase. The patient should have a water bottle with him at all times for hydration. The patient will wear a heart rate monitor, use a pulse oximeter, and blood pressure will be taken before and after the workout.
Warm-up:
Walking on the AquaCiser underwater treadmill at 1.0 mph for 5-10 minutes, RPE: 2
Aerobic Activity:
Walking on the AquaCiser underwater treadmill at 1.3 mph for 5 minutes, RPE: 3 Walking on the AquaCiser underwater treadmill at 1.5 mph for 10 minutes, RPE: 3 Walking on the AquaCiser underwater treadmill at 1.3 mph for 5 minutes, RPE: 3
Standing stretches: Be sure to hang on to something for support.
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individualized exercise intervention for a prostate cancer survivor following cancer treatment. Each exercise session was individualized for the cancer survivor but generally included a 10-minute warm-up and 40 minutes of aerobic exercise, resistance training, and flexibility, and concluded with a 10-minute cool-down. Exercise intensity was based on the cancer survivors' treadmill assessment results and ranged from 30% to 55% of heart rate reserve (HRR) depending upon the participants' health status. The Karvonen, or percent HRR method, was used to determine exercise heart rate utilizing the formula (exercise target heart rate = [(220 -age) -HRrest] × %exercise intensity + HRrest). 15 The mode of aerobic exercise selected for each participant was based on the mode offering the greatest anticipated benefit. Options included outdoor or treadmill walking, stationary cycling, recumbent stepping, and walking on an AquaCiser underwater treadmill. Resistance training and flexibility consisted of exercises emphasizing all of the major muscle groups. The exercise sessions concluded with an extremely low-intensity cool-down targeting all of the major muscle groups. Follow-up examinations revealed that participants' adherence to the exercise intervention was 74.2%.
Statistical Analyses
Data are presented as means ± SD. Participants' characteristics in the 2 groups were compared using independent t tests. The main effect of supervised exercise training was determined pre-to postexercise intervention using repeated-measures analysis of variance (ANOVA). Following main effects significance, Tukey HSD post hoc tests were used to determine where significance occurred. The primary analyses compared changes from pre-to postexercise intervention and between treatment groups using univariate analyses of covariance (ANCOVA) procedures in which the postvalue was the dependent variable, the prevalue of the same variable was the covariate, and treatment group was the grouping variable. Statistical analyses were performed using the Statistical Package for the Social Sciences (SPSS) software package (SPSS Inc, Chicago, IL). Significance was set at a probability of ≤ .05.
Results
Forty-five male cancer survivors were referred by their oncologists for participation in this study. Thirty-seven participants had completed treatment (surgery, radiation, and/or chemotherapy) (FTm), whereas 8 men were undergoing cancer treatment (DTm) during the exercise intervention. The cancer survivors' initial characteristics are shown in Table 2 . There were no significant age, height, or weight differences between groups (P > .05). Types of cancer and cancer treatments are also presented in Table 2 . As can be seen, many of the cancer survivors had multiple adjuvant treatments. Table 3 shows the cardiopulmonary function changes in DTm and FTm groups from pre-to postexercise intervention. Resting heart rate, pVO 2 max, and time on treadmill showed significant improvement in the FTm group after the supervised exercise intervention (P < .05), whereas there were no significant improvements in any of the cardiopulmonary variables for the DTm group after the supervised exercise intervention (P > .05). Furthermore, the ANCOVA analysis between the DTm and FTm groups showed that the exercise time on the treadmill in the FTm group was significantly increased compared to the DTm group. Table 4 displays alterations in the 4 fatigue domains and total fatigue from pre-to postexercise intervention for the DTm and FTm groups. The exercise intervention resulted in significant reductions in behavioral fatigue, affective fatigue, sensory fatigue, cognitive/ mood fatigue, and total fatigue (P < .05) in the FTm group. However, the male cancer survivors in the DTm group showed no significant reductions in the 4 fatigue domains or in total fatigue (P > .05) after the exercise training intervention. 
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Discussion
This investigation determined cardiopulmonary function and fatigue alterations in male cancer survivors during treatment as well as following treatment utilizing similar exercise assessment protocols followed by individualized, prescriptive exercise prescriptions and individualized exercise interventions. Researchers 17, 18 investigating the physiological and psychological outcomes of exercise in cancer survivors compare their findings across investigations regardless of where survivors are in their cancer experience (eg, during treatment versus following treatment). Additionally, researchers use different assessment protocols that give varying results (eg, field assessments such as the 12-minute walk test versus controlled laboratory treadmill protocols). Once fitness assessments are completed, the same generalized exercise interventions are implemented for the cancer survivors without taking into account health status. It is imperative that exercise be individualized to the specific needs of the cancer survivor to prevent exacerbation of the physiological toxicities and psychological stress that occur as a result of cancer treatments. It is well documented 15, 19, 20 that the exercise dose (frequency, duration, intensity) has a profound influence on the immune system in a healthy population. Moderate exercise has a positive effect on the immune system, whereas intense exercise has a negative effect on the immune system. Therefore it seems prudent to exercise cancer survivors at a moderate intensity inasmuch as many survivors have an already compromised immune system due to treatment. To date, there is little information regarding the specific effects of various exercise intensities on cancer survivors, and thus it remains a fertile ground for future research. In addition, because the fitness and health status of each cancer survivor is variable, it necessitates individualizing the exercise regimen. As a result of a moderate-intensity individualized, prescriptive exercise intervention, the current study found that cardiopulmonary function was improved with concomitant reductions in fatigue in male cancer survivors following treatment and was maintained in survivors during cancer treatment. Male cancer survivors who had completed treatment showed cardiopulmonary improvements in resting heart rate (−7.4%), predicted maximal oxygen consumption (+16.4%), and the length of exercise time on the treadmill (+29.1%) as a result of the exercise intervention. Additionally, male cancer survivors who were currently undergoing cancer treatment were able to maintain their prior cardiopulmonary fitness and fatigue level. Although survivors in the DTm group did not demonstrate measurable improvements in cardiopulmonary fitness or fatigue, the fact that cardiopulmonary fitness and fatigue did not decline indicates that the exercise intervention was safe for these cancer survivors and that it may offset the deleterious effects of treatment.
One of the most significant obstacles for effective cancer treatment is the potential for debilitating treatment toxicities. These toxicities limit the utilization of many cancer drugs because of dose-dependent cardiopulmonary toxicity. As a result, many cancer survivors who may benefit from continued use of an effective chemotherapy drug must switch to less effective therapies, thus compromising the probability of cure. Based on the results of the current study, exercise appears to be a successful strategy for limiting the toxicities and symptoms that occur in cancer survivors both during and following treatment, leading to an improved quality of life.
The mechanisms by which exercise training benefits cancer survivors during or following treatment continue to be elusive. Our laboratory 21 investigated potential cardiovascular benefits of exercise training in an animal model following androgen deprivation therapy. We found that exercise training protected against cardiac dysfunction by preserving the distribution of cardiac myosin heavy chain distribution. Likewise, other studies from our laboratory demonstrate a cardioprotective effect of exercise training during doxorubicin chemotherapy treatment. 22 In these experiments, the preservation of cardiac function coincided with the prevention of chemotherapy-induced activation of apoptotic signaling. Additionally, we have shown that exercise training preserved intrinsic cardiovascular function following treatment with various chemotherapeutic agents. 23, 24 These protective effects were associated with an exercise-induced increase in endothelial nitric oxide synthase, myocardial heat shock protein content, a prevention of chemotherapyinduced myocardial lipid peroxidation, and reduced mortality following treatment. These findings provide a starting point for future mechanistic studies in human cancer survivors to determine the therapeutic value of exercise training during or following cancer treatment.
Conclusion
According to the current study, cancer survivors respond differently to exercise depending on where they are on the cancer continuum. Regardless of when exercise is initiated, it appears to be a safe, efficacious strategy to maintain or improve physical and mental well-being in cancer survivors. However, it is critical that exercise be individualized to the specific needs of the cancer survivor to prevent exacerbation of the physiological toxicities and psychological stress that occur as a result of cancer treatments.
